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Scanning device comprising a magnetically guided linear motor 


The invention relates to a scanning device for scanning a disc-shaped 
information carrier, which scanning device is provided with a table which can be rotated 
about an axis of rotation and on which an information carrier can be placed, and with a 
scanning unit, and a linear motor by means of which the scanning unit can be displaced with 
respect to the table predominantly in a radial direction, which linear motor is provided with a 
first and a second part which are displaceably guided with respect to each other by means of 
a straight guide, the first part being provided with pairs of magnets having opposite directions 
of magnetization directed substantially perpendicularly to the guide, and the second part 
being provided with an electric coil system comprising winding portions extending 
substantially perpendicularly to the directions of magnetization and perpendicularly to the 
guide, and the linear motor being provided with a control unit for controlling an electric 
current in the coil system. 

A scanning device of the type mentioned in the opening paragraph is disclosed 
in Research Disclosure, September 1999, publication no. 42527. The known scanning device 
is a player for reading and/or writing an optically scannable information carrier, such as a CD 
or DVD. The scanning unit of the known scanning device includes a laser source, an 
objective lens and an optical detector. In operation, rotation of the table supporting the 
information carrier to be scanned about the axis of rotation and, simultaneously, displacement 
of the scanning unit by means of the linear motor in the radial direction take place such that 
the scanning unit follows a spiral-shaped information track present on the information carrier. 
The linear motor is a three-phase commutated linear motor. The first part of the linear motor 
is secured to a frame of the scanning device and comprises a row of permanent magnets 
extending parallel to the radial direction and having successively opposite directions of 
magnetization at right angles to the radial direction. The second part of the linear motor is 
secured to a slide on which also the scanning unit is secured and comprises three electric 
coils. The straight guide, by means of which the slide with the second part of the linear motor 
is guided in the radial direction with respect to the frame and the first part of the linear motor, 
comprises two round shafts which are secured to the frame and extend in a direction parallel 
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to the radial direction, said shafts extending through two guide bushings provided in the slide. 
In operation, the control unit of the linear motor allows an electric current to enter the coils at 
any moment in time, the winding portions of said coils extending substantially 
perpendicularly to the directions of magnetization and perpendicularly to the guide being 
situated right opposite one of the magnets. At that moment in time, said winding portions are 
situated in a part of the magnetic field of the relevant magnet where the magnetic field lines 
are directed approximately parallel to the direction of magnetization, so that interaction 
between the current through these winding portions and the magnetic field causes a Lorentz 
force to be generated, which extends substantially parallel to the guide, and under the 
influence of which the slide is displaced in the radial direction along the guide. In operation, 
the control unit does not allow current to enter the coils whose winding portions, extending 
substantially perpendicularly to the directions of magnetization and perpendicularly to the 
guide, are situated in the transition region between two magnets, because in this part of the 
magnetic field Lorentz forces extending parallel to the guide cannot be generated. By means 
of the linear motor of the known scanning device, comparatively large accelerations of the 
slide can be achieved in operation, so that the linear motor enables the slide to be displaced 
between two different radial positions within a comparatively short access time. 

In the known scanning device, five of the six degrees of freedom of the slide 
with respect to the frame are fixed by co-operation of the two shafts of the guide and the 
guide bushings provided in the slide. The sixth degree of freedom, i.e. the position of the 
slide in the radial direction, is fixed by means of the linear motor. A drawback of the known 
scanning device resides in that friction forces act between both shafts and the guide bushings 
co-operating therewith. These friction forces have a negative influence on the achievable 
access times of the slide and on the dynamic behavior of the slide. 

It is an object of the invention to provide a scanning device of the type 
mentioned in the opening paragraph, by means of which said drawback of the known 
scanning device can be precluded as much as possible. 

To achieve this object, a scanning device in accordance with the invention is 
characterized in that, in operation, the control unit admits an electric current to at least one of 
said winding portions and controls said electric current, if said winding portion is situated in 
a magnetic transition field between two adjacent magnets having opposite directions of 
magnetization. In said magnetic transition field, the magnetic field lines are arc-shaped and 
extend, right opposite the boundary between the two adjacent magnets, substantially 
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perpendicularly to the directions of magnetization of the magnets. As, in operation, the 
control unit allows an electric current to enter at least one of the winding portions of the coil 
system which extend substantially perpendicularly to the directions of magnetization and 
perpendicularly to the guide, and also controls said electric current, if the relevant winding 
portion is situated in said magnetic transition field, a Lorentz force directed substantially 
parallel to the directions of magnetization of the magnets is generated in the relevant winding 
portion by interaction between the current through this winding portion and said magnetic 
transition field. Apart from a Lorentz force which is directed parallel to the guide, also a 
Lorentz force which is directed parallel to the directions of magnetization, i.e. 
perpendicularly to the guide, is generated in this manner on the second part of the linear 
motor, thereby enabling two of the six degrees of freedom of the second part to be fixed with 
respect to the first part by means of the linear motor. The straight guide of the scanning 
device in accordance with the invention thus only has to fix four of the six degrees of 
freedom of the second part with respect to the first part. This can be achieved, for example, 
by means of a straight guide comprising only a single round shaft, which is secured to the 
first part, and a single guide bushing or two comparatively closely spaced guide bushings, 
which are secured to the second part. In this manner, the friction forces between the two parts 
of the linear motor are limited substantially, as a result of which the achievable access times 
and the dynamic behavior of the linear motor are improved substantially. In addition, a loss 
of output power of the linear motor caused by the friction forces is limited substantially. As 
the straight guide of the linear motor is simplified substantially, the construction of the 
scanning device in accordance with the invention is also simplified substantially. 

A particular embodiment of a scanning device in accordance with the 
invention is characterized in that the guide comprises a single round shaft and at least one 
bushing provided around said shaft. In this particular embodiment, the straight guide causes 
two mutually perpendicular linear degrees of freedom of the second part extending 
perpendicularly to the shaft to be fixed with respect to the first part, and two degrees of 
freedom of rotation of the second part to be fixed with respect to the first part about two 
mutually perpendicular axes of rotation extending perpendicularly to the shaft. The linear 
motor causes a linear degree of freedom of the second part with respect to the first part to be 
fixed, which linear degree of freedom extends parallel to the shaft, and the linear motor 
causes a degree of freedom of rotation of the second part with respect to the first part about 
an axis of rotation coinciding with the shaft to be fixed. 
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A further embodiment of a scanning device in accordance with the invention is 
characterized in that the linear motor comprises a sensor for measuring a mutual position of 
the two parts of the linear motor in a direction parallel to the directions of magnetization, and 
in that the control unit comprises a control loop for adjusting a desired mutual position of the 
two parts by means of a signal supplied by the sensor, which signal corresponds to a 
measured mutual position of the two parts. The use of said sensor and said control loop 
enables the desired mutual position of the two parts of the linear motor to be accurately 
adjusted in the direction parallel to the directions of magnetization, and said desired position 
is accurately maintained. 

Yet another embodiment of a scanning device in accordance with the 
invention is characterized in that the control unit uses the measured mutual position of the 
two parts of the linear motor to determine a mutual inclination of the two parts about said 
shaft, while the control loop uses the measured inclination to adjust a desired mutual 
inclination of the two parts about said shaft. In this manner, said inclination, i.e. the degree of 
freedom of rotation of the second part with respect to the first part of the linear motor about 
said shaft can be accurately adjusted and maintained. In addition, the control loop can be 
used to preclude an undesirable local inclination of the information carrier with respect to the 
scanning unit about an inclination shaft directed parallel to the radial direction. To this end, 
the control loop adjusts a desired mutual inclination of the two parts of the linear motor, 
which corresponds to a local inclination of the information carrier with respect to the 
scanning unit, which local inclination is measured by means of a further sensor. 

A particular embodiment of a scanning device in accordance with the 
invention is characterized in that the coil system comprises at least three electric coils, which 
each include two parts having winding portions extending substantially perpendicularly to the 
directions of magnetization and perpendicularly to the guide, a pitch which substantially 
corresponds to a pitch between two adjacent magnets having opposite directions of 
magnetization being present between the two parts of each coil, and a pitch which is 
substantially equal to 2/3 or 4/3 times the pitch between said two magnets being present 
between each pair of coils of the three coils. In each position of the second part with respect 
to the first part, said winding portions of two of the three coils of said coil system are situated 
in a part of the magnetic field where the magnetic field lines are directed substantially 
parallel to the directions of magnetization, and said winding portions of one of the three coils 
are situated in said magnetic transition region having magnetic field lines which are directed 
substantially perpendicularly to the directions of magnetization. Thus, in each position of the 
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second part with respect to the first part, two of the three coils are available for generating a 
driving force directed parallel to the straight guide, and one of the three coils is available for 
generating a guiding force directed parallel to the directions of magnetization. By virtue 
thereof, said driving force and said guiding force are continuously available when the second 
part is displaced with respect to the first part, so that, with the aid of a suitable control of the 
electric currents through the three coils, a uniform, continuous driving force and guiding 
force are available. 

A further embodiment of a scanning device in accordance with the invention is 
characterized in that the sensor comprises three Hail sensors, which each measure the 
strength of a magnetic field originating from the magnets and present near, respectively, one 
of the three coils. By means of the three Hall sensors it is possible to accurately measure a 
position of the second part with respect to the first part in a direction parallel to the straight 
guide as well as a position of the second part with respect to the first part in a direction 
parallel to the directions of magnetization. 

Yet another embodiment of a scanning device in accordance with the 
invention is characterized in that the first part of the linear motor is provided with two rows 
of permanent magnets extending substantially parallel to the guide, the pitch between said 
permanent magnets being substantially constant, each pair of adjoining magnets of each row 
having opposite directions of magnetization, the two rows being arranged, viewed in a 
direction parallel to the directions of magnetization, at some distance from each other, and 
each pair of oppositely arranged magnets of the two rows having equal directions of 
magnetization, and said winding portions of the coil system, viewed in a direction parallel to 
the magnetization direction, being situated between the two rows so as to be closer to one 
row than to the other row. By using said two rows of permanent magnets, a very strong 
magnetic field is provided between the two rows, so that very large Lorentz forces can be 
exerted on the coil system. As said winding portions of the coil system are situated closer to 
one row than to the other row, the coil system is situated partly in the magnetic transition 
fields having arc-shaped field lines, which transition fields are present between adjoining 
magnets of the nearest row, in which transition fields the necessary Lorentz forces extending 
parallel to the directions of magnetization can be generated. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiment(s) described hereinafter. 
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In the drawings: 

Fig. 1 diagrammatically shows a scanning device in accordance with the 

invention, 

Fig. 2 is a diagrammatic, cross-sectional view of the scanning device taken on 
the line II-II in Fig. 1 , 

Fig. 3 is a diagrammatic, cross-sectional view of a linear motor of the scanning 
device taken on the line III-III in Fig. 2, and 

Fig. 4 diagrammatically shows an electric coil system and a control unit of the 
linear motor shown in fig. 3. 

Fig. 1 diagrammatically shows a scanning device 1 in accordance with the 
invention, which is provided with a turntable 3 which can be rotated, by means of an electric 
motor 5, about an axis of rotation 7 extending substantially perpendicularly to the turn table 
3. The motor 5 is secured to a frame 9 of the scanning device 1 . A disc-shaped information 
carrier 1 1 can be placed on the turntable 3, which information carrier is an optically 
scannable information carrier, such as a CD or DVD, in the example shown. The scanning 
device 1 comprises a scanning unit 13 for scanning the information carrier 11, i.e. for reading 
information present on the information carrier 1 1 and/or writing information on the 
information carrier 11. For this purpose, the scanning unit 13 comprises a laser source 15, an 
optical detector 17 and a laser beam splitter 19, which are also secured to the frame 9. The 
scanning unit 13 further includes a mirror 21 and an objective lens 23, which are secured to a 
slide 25. The slide 25 is displaceably guided by means of a straight guide 27 in an X- 
direction which is radially directed with respect to the axis of rotation 7, and said slide can be 
displaced in the X-direction, and in an opposite X'-direction, by means of a linear motor 29. 
In operation, the laser source 1 5 generates a laser beam 3 1 which extends, via the laser beam 
splitter 19, along a laser beam path 33 extending parallel to the X-direction and radially with 
respect to the axis of rotation 7. The laser beam 3 1 is deflected by the mirror 21 and focused 
to a scanning spot 35 on an information layer 37 present on the information carrier 1 1 by the 
objective lens 23. The laser beam 3 1 is reflected by the information layer 37 and guided to 
the detector 17 via the objective lens 23, the mirror 21, the radial laser beam path 33 and the 
laser beam splitter 19. The rotation of the turntable 3 supporting the information carrier 1 1 by 
the motor 5 about the axis of rotation 7 and, simultaneously, the displacement of the slide 25 
with the objective lens 23 by the linear motor 29 in the X-direction are carried out such that 
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the scanning spot 35 follows a spiral-shaped information track present on the information 
layer 37, so that by means of a continuous laser beam 3 1 information present on the 
information track can be detected by the detector 17 and/or information can be written on the 
information track by means of a modulated laser beam 3 1 . 

In the example shown, the linear motor 29 is a three-phase commutated linear 
motor comprising a first part, which is secured to the frame 9, and a second part 41, which is 
secured to the slide 25 and hence is displaceably guided with respect to the first part 39 in the 
X-direction by means of the straight guide 27. As shown in Fig. 2 and Fig. 3, the first part 39 
of the linear motor 29 comprises two rows 43, 45 of permanent magnets 47, 49 extending 
substantially parallel to the X-direction, the pitch p M between the permanent magnets being 
substantially constant, which rows 43, 45, viewed parallel to a Z-direction, extend 
perpendicularly to the X-direction and parallel to the axis of rotation 7, and are arranged so as 
to be spaced some distance apart. The magnets 47, 49 of the two rows 43, 45 have, in 
succession, a magnetization direction M extending parallel to the Z-direction and an opposite 
direction of magnetization M', so that both rows 43, 45 include pairs of magnets 47, 49 
having opposite directions of magnetization M, M f extending substantially perpendicularly to 
the X-direction. As shown in Fig. 3, the magnets 47, 49 are arranged such that magnets 47, 
49 having an equal direction of magnetization M, M', are arranged straight opposite each 
other, viewed in a direction parallel to the Z-direction. As shown in Fig. 3 and Fig. 4, the 
second part 41 of the linear motor 29 comprises an electric coil system 51 including a first 
electric coil 53, a second electric coil 55 and a third electric coil 57 which, viewed in a 
direction parallel to the Z-direction, are arranged between the two rows 43, 45 of permanent 
magnets 47, 49. The three coils 53, 55, 57 are arranged in a coil holder 59 which is secured to 
the slide 25. As shown in Fig. 4, the three coils 53, 55, 57 substantially comprise rectangular 
windings, and each one of the coils includes a first part 61 and, viewed in the X-direction, a 
second part 63 arranged at a pitch pCP, said parts having winding portions 65 and winding 
portions 67, respectively, which extend substantially parallel to a Y-direction directed 
perpendicularly to the X-direction and perpendicularly to the Z-direction. The first part 61 
and the second part 63 of each coil 53, 55, 57 are connected to each other by means of two 
side parts 69, 71 having winding portions extending substantially parallel to the X-direction. 
In the example shown, the pitch pCP is substantially equal to the pitch p M between the 
magnets 47, 49. A pitch pc is present between the first coil 53 and the second coil 55, and 
between the second coil 55 and the third coil 57, which pitch is substantially equal, in the 
example shown, to 2/3 times the pitch pm between the magnets 47, 49. Thus, between the 


PHNL000446 


• 


8 


25.06.2001 


first coil 53 and the third coil 57 there is a pitch p f c which is substantially equal to 4/3 times 
the pitch p M between the magnets 47, 49. As shown in Fig. 3, the first parts 61 and the second 
parts 63 of the three coils 53, 55, 57, viewed in a direction parallel to the Z-direction, are 
arranged in substantially equal positions between the two rows 43, 45 of permanent magnets 
47, 49, the first parts 61 and the second parts 63 being situated closer to one of the rows, i.e. 
row 43 in the example shown, than to the other row, i.e. row 45 in the example shown. To 
bring about these equal positions of the first parts 61 and the second parts 63 between the two 
rows 43, 45, the two side parts 69, 71 of the first coil 53 and the third coil 57, as shown in 
Fig. 2 and Fig. 3, are bent towards the row 45, while the two side parts 69, 71 of the second 
coil 55 are bent towards the row 43, so that a necessary overlap is possible between the side 
parts 69, 71 of the second coil 55 and the side parts 69, 71 of the first coil 53 and the third 
coil 57. 


round shaft 73, which is secured to the frame 9 and extends substantially parallel to the X- 
direction, and a guide bushing 75 which is provided, substantially without clearance, around 
the shaft 73, which guide bushing is accommodated in the slide 25. As a result of co- 
operation between the single round shaft 73 and the guide bushing 75, the following degrees 
of freedom of the six degrees of freedom of the second part 41 of the linear motor 29 with 
respect to the first part 39 are fixed: a linear degree of freedom directed parallel to the Y- 
direction, a linear degree of freedom directed parallel to the Z-direction, a degree of freedom 
of rotation about an axis of rotation extending parallel to the Y-direction, and a degree of 
freedom of rotation about an axis of rotation extending parallel to the Z-direction. The 
remaining two degrees of freedom of the second part 41 with respect to the first part 39, 
namely a linear degree of freedom directed parallel to the X-direction and a degree of 
freedom of rotation about the round shaft 73, are fixed by the linear motor 29 in a manner 
which will be described in greater detail hereinbelow. As the linear motor 29 fixes two of the 
six degrees of freedom of the second part 41 and, consequently, the straight guide 27 only has 
to fix four of the six degrees of freedom of the second part 41, as a result of which the 
straight guide 27 of the example shown has to comprise only one shaft 73 and one guide 
bushing 75, the friction forces between the straight guide 27 and the second part 41 are 
limited substantially. It is to be noted that instead of the single guide bushing 75, it is 
alternatively possible, viewed in a direction parallel to the X-direction, to employ two spaced 
apart comparatively short guide bushings. The overall friction force between these two guide 
bushings and the shaft 73, however, would be comparable to the overall friction force 


As shown in Fig. 1 and Fig. 2, the straight guide 27 comprises only a single 
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between said single guide bushing 75 and the shaft 73. As the friction forces between the 
straight guide 27 and the second part 41 are comparatively small, and since there is no 
mechanical contact between the first part 39 and the second part 41 of the linear motor 29, 
the acceleration forces of the linear motor 29 are counteracted to a limited degree only by 
5 said friction forces. As a result, the access times needed by the linear motor 29 to displace the 
slide 25 between two radial positions is reduced substantially and, in addition, the dynamic 
behavior of the linear motor 29 is improved considerably. 

Said two degrees of freedom of the second part 41 of the linear motor 29 with 
respect to the first part 39 are fixed by the linear motor 29 in the following manner. The 
10 linear motor 29 is provided with a control unit 77, which is diagrammatically shown in Fig. 
4, for controlling an electric current ii in the first coil 53, an electric current in the second 
coil 55 and an electric current i3 in the third coil 57. The linear motor 29 further comprises a 
%5 first Hall sensor 79, a second Hall sensor 81 and a third Hall sensor 83, which are of a type 
ijj which is known per se and customarily used, and which co-operate with the control unit 77. 

-SSS. 

|| 5 As shown in Fig. 3 and Fig. 4, the first Hall sensor 79 is arranged between the first part 61 
|d and the second part 63 of the first coil 53 to measure a field strength, present near the first 

3* ft 

* ? s coil 53, of the magnetic field of the magnets 47, 49. The second Hall sensor 81 and the third 
O Hall sensor 83 are arranged in a comparable manner to measure a field strength, present near, 
I* respectively, the second coil 55 and the third coil 57, of said magnetic field. As shown in Fig. 
j2o 4, the three Hall sensors 79, 81, 83 generate, in operation, a first output signal u H i, a second 
H 8 output signal uh2 and a third output signal uh3, respectively, which correspond to a field 

strength measured by, respectively, the first Hall sensor 79, the second Hall sensor 81 and the 
third Hall sensor 83. The output signals u H i, Uh2, u H 3 form the input signals of a first 
processor 85 of the control unit 77, wherein a relation, such as a mathematical relation or a 
25 tabular relation, between the field strength of the magnetic field present between the rows 43 
and 45 and the X-position and the Z-position is stored. By means of said relation and also by 
means of data on the geometry of the coil system 51 stored in the first processor 85, the first 
processor 85 determines the X-position and the Z-position of the three coils 53, 55, 57 from 
the output signals uhi, Uh2, Uh3 in a manner which is known per se and commonly used. The 
30 first processor 85 supplies an output signal ux, which corresponds to the X-position of the 
three coils 53, 55, 57 determined as described above, and an output signal uz, which 
corresponds to the Z-position of the three coils 53, 55, 57 determined as described above. The 
control unit 77 further comprises a first comparator 87 and a second comparator 89 which 
compare the output signals ux and uz with, respectively, a signal uxo and a signal uzo, which 
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correspond to, respectively, a desired X-position and a desired Z-position of the three coils 
53, 55, 57. The signal uxo is supplied directly by a control member of the scanning device 1, 
which control member is not shown in Fig. 1 for the sake of simplicity, which control 
member controls, apart from the linear motor 29, also the motor 5 of the turntable 3. The 
signal uzo is supplied by a second processor 91 of the control unit 77, which determines the 
desired Z-position of the three coils 53, 55, 57 between the rows 43 and 45 from a signal Uao 
supplied by said control member, which signal corresponds to a desired angle a of the second 
part 41 with respect to the first part 39 about the shaft 73. The comparators 87 and 89 supply, 
respectively, an output signal uax and an output signal uaz, which correspond to, respectively, 
a difference between the desired X-position and the measured X-position and a difference 
between the desired Z-position and the measured Z-position. The output signals Udx and Udz 
form the input signals of a third processor 93 of the control unit 77. The third processor 93 
generates three output signals un, u*2, u^, which correspond to, respectively, a desired current 
ii through the first coil 53, a desired current i 2 through the second coil 55 and a desired 
current i3 through the third coil 57, by means of the output signals uu, Ui2, uj3, the control unit 
77 controls three amplifiers 95, 97 and 99, which generate, respectively, the desired currents 
ii, i 2 and i 3 . 


manner that as a result of interaction between the currents ii, 12 and i 3 in the three coils 53, 55, 
57 and the magnetic field of the magnets 47, 49, a Lorentz force F x and a Lorentz force F z 
are generated which are directed parallel to, respectively, the X-direction and the Y-direction 
in such a manner that the measured X-position and Z-position become equal to the desired X- 
position and Z-position, so that the second part 41 of the linear motor 29 occupies, with 
respect to the first part 39, a desired X-position and angle a. To generate the force Fx, the 
control unit 77 allows predominantly an electric current to enter the coils of the coil system 
51 of which the first parts 61 and the second parts 63, viewed in a direction parallel to the Z- 
direction, are each situated approximately straight opposite one of the magnets 47, 49. The 
third processor 93 determines, at any moment in time, which coils these are from the signal 
ux. In the situation shown in Fig. 3, it is determined that these coils are the second coil 55 and 
the third coil 57. As, in the situation shown, the first parts 61 and the second parts 63 of the 
coils 55 and 57, viewed in a direction parallel to the Z-direction, are each situated 
approximately straight opposite one of the magnets 47, 49, said parts 61 and 63 are situated 
in a part of the magnetic field of the magnets 47, 49 where the magnetic field lines, as 
diagrammatically shown in Fig. 3, are directed substantially approximately parallel to the Z- 


The third processor 93 determines the three output signals uji, Ui2, Ui3 in such a 
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direction. As a result of interaction between this part of the magnetic field and the currents 12 
and i 3 in the winding portions 65, 67, directed parallel to the Y-direction, of the coils 55, 57, 
a Lorentz force F x is exerted on said winding portions 65, 67, which Lorentz force is directed 
predominantly substantially parallel to the X-direction. In order to generate the force F z , the 
control unit 77 allows predominantly an electric current to enter the coils of the coil system 
51 of which the first parts 61 and the second parts 63, viewed in a direction parallel to the X- 
direction, are situated in a boundary region between two adjacent magnets 47, 49 having 
opposite directions of magnetization M, M\ respectively. The coils to which this applies are 
determined by the third processor 93 at any moment in time from the signal u x . In the 
situation shown in Fig. 3, the coil to which this applies is the first coil 53. As, in the situation 
shown, the first part 61 and the second part 63 of the coil 53, viewed in a direction parallel to 
the X-direction, are each situated in a boundary region between two magnets 47, 49, and said 
parts 61, 63 are closer to row 43 than to row 45, said parts 61, 63 of the first coil 53 are each 
situated in a magnetic transition field between two adjacent magnets 47, 49 of the row 43. In 
said transition field, the magnetic field lines, as diagrammatically shown in Fig. 3, are 
approximately arc-shaped, the field lines extending right opposite the boundary between two 
adjacent magnets 47, 49 in a direction predominantly substantially parallel to the X-direction. 
As a result of interaction between this part of the magnetic transition field and the current ii 
in the winding portions 65, 67, predominantly a Lorentz force Fz extending substantially 
parallel to the Z-direction is exerted on said winding portions 65, 67. By means of the 
Lorentz forces Fx and F z , said two degrees of freedom of the second part 41 of the linear 
motor are thus fixed with respect to the first part 39 by the linear motor 29. By using the three 
Hall sensors 79, 81, 83 and the control loop formed by the control unit 77 and the Hall 
sensors 79, 81, 83, it becomes possible to very accurately adjust and maintain the desired 
mutual X-position and angle a of the two parts 39, 41 of the linear motor 29. 


the angle a, i.e. the inclination of the first part 39 and the second part 41 of the linear motor 
29 with respect to each other about the shaft 73, is maintained by the linear motor 29. The 
linear motor 29 can also be used, however, to actively control said angle a and hence 
preclude an undesirable local inclination of the information carrier 1 1 with respect to the 
objective lens 23 of the scanning unit 13. In such an alternative embodiment of a scanning 
device in accordance with the invention, the scanning unit 13 comprises, for example, an 
optical sensor, which is known per se and commonly used, for measuring a local inclination 
of the information carrier 1 1 with respect to the objective lens 23. Such a local inclination 


In the above-described example of the scanning device 1, a constant value of 
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can develop, for example, if the information layer 37 of the information carrier 1 1 is not 
completely flat or if the table 3 is not completely perpendicular with respect to the axis of 
rotation 7. Said optical sensor generates an output signal, which corresponds to the measured 
local inclination and is supplied to said control element of the scanning device. The control 
5 element determines an inclination a between the two parts 39, 41 of the linear motor 29, 
which inclination is necessary to compensate for the undesirable local inclination, and 
supplies a signal Ua 0 to the control unit 77 of the linear motor 29, which signal corresponds to 
the inclination a thus determined by the control element. 

As the coil system 5 1 comprises three coils 53, 55, 57, the pitch p c between 
10 the coils 53, 55, 57 being 2/3 or 4/3 times the pitch p M between the magnets 47, 49, and the 
two parts 61, 63 of each coil 53, 55, 57 having a mutual pitch p C p which is equal to the pitch 
p M between the magnets 47, 49, in each position of the second part 41 with respect to the first 
s *5 part 39, two of the three coils 53, 55, 57 are available for generating a Lorentz force which is 
Id directed substantially parallel to the X-direction, and in each position one of the three coils 
Jj5 53, 55, 57 is available for generating a Lorentz force which is directed substantially parallel 
W to the Z-direction. As, in the situation shown in Fig. 3, the magnetic field lines actually also 
2 have a small component in the X-direction at the location of the second coil 55 and the third 
! T f coil 57, in addition to the Lorentz forces F x , also a small Lorentz force parallel to the Z- 
|£ direction is generated by interaction between the currents i 2 and i3 and the magnetic field. For 
Mo similar reasons, apart from the Lorentz force F z , also a small Lorentz force parallel to the X- 
« ^ direction is generated by interaction between the current ii and the magnetic field. As a result, 
viewed in a direction parallel to the X-direction, in each position of the second part 41 with 
respect to the first part 39, a Lorentz force can be generated which extends parallel to the X- 
direction and a Lorentz force can be generated which extends parallel to the Z-direction, so 
25 that the linear motor 29 enables a uniform, continuous drive of the second part 41 in a 

direction parallel to the X-direction, and guidance of the second part 41 in a direction parallel 
to the Z-direction. It is noted however, that the invention also includes embodiments of a 
scanning device, wherein the coil system of the linear motor is differently constructed. In 
each embodiment, however, the coil system must comprise winding portions which are 
30 directed substantially perpendicularly to the directions of magnetization of the magnets and 
perpendicularly to the straight guide, the control unit admitting an electric current to said 
winding portions and controlling said current if said winding portions are situated in said 
magnetic transition field between two magnets having opposite directions of magnetization. 
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It is further noted that the invention also includes embodiments of a scanning 
device wherein the first part of the linear motor is differently constructed. An example of 
such a motor is, for example, a linear motor the first part of which comprises only a single 
row of permanent magnets having alternately opposite directions of magnetization, the 
magnets being arranged, viewed in the Z-direction, directly opposite the coil system. Another 
alternative embodiment of such a motor is a linear motor, the first part of which comprises a 
single row of permanent magnets having alternately opposite directions of magnetization, the 
magnets being arranged, viewed in the Y-direction, next to the coil system. In such an 
alternative embodiment, viewed in the Z-direction, each magnet is provided between a pair of 
individual yoke plates extending parallel to the Y-direction, and, viewed in a direction 
parallel to the Z-direction, the coil system is arranged between the successive pairs of yoke 
plates. The magnetic field of each permanent magnet is guided to the slit between the yoke 
plates by the relevant pair of yoke plates, as a result of which a magnetic field comparable to 
the magnetic field shown in Fig. 3 develops at the location of the coil system. In addition, the 
invention also includes embodiments wherein the second part is secured with the electric coil 
system in a fixed position to the frame of the scanning device, and wherein the first part is 
displaceably guided with the permanent magnets with respect to the second part. In such an 
alternative embodiment, the second part comprises, for example, a row of electric coils 
extending parallel to the X-direction, while the first part comprises a limited number of pairs 
of magnets having opposite directions of magnetization. 

The above-described example of the scanning device 1 in accordance with the 
invention can suitably be used for scanning an optically scannable information carrier 1 1 . For 
this purpose, the scanning device 1 comprises an optical scanning unit 13. It is noted that the 
invention also comprises scanning devices which can suitably be used to scan another type of 
information carriers, for example magneto-optical information carriers or magnetic 
information carriers. 

Finally, it is noted that, in a scanning device in accordance with the invention, 
the mutual positions of the two parts 39, 41 of the linear motor 29 can also be measured by 
means of a different type of sensors. Said different type of sensors may be, for example, 
optical sensors or inductive sensors. 


